INTRODUCTION
Anterior cruciate ligament (ACL) reconstruction with hamstring autograft has become a popular method of treating ACL defi ciency. Improved femoral fi xation techniques have resulted in better outcomes and increased popularity of this graft. Beginning in the early 1990s, Clark et al, 3 Howell and Gottlieb, 5 and Wolf 10 independently developed femoral cross pin fi xation techniques for hamstring ACL reconstruction, which have since become popular alternatives to interference screw and endobutton fi xation techniques.
Few complications of cross pin fi xation have been reported. Klein et al 6 reported a series of 57 patients treated with metal cross pin fi xation with evidence of tunnel widening. Bottoni et al 2 reported a case of proximal migration of tibial interference screw into the knee in a hamstring reconstruction using a femoral cross pin. Cross pin breakage using the DePuy Mitek RIGIDFIX (DePuy Mitek Inc, Norwood, Mass) has recently been reported. 4 This article presents a corroborative case in which a bioabsorbable femoral cross pin fractured or degraded and presented as an articular loose body 2 years after the index surgery.
CASE REPORT
An active 32-year-old woman fell while skiing and sustained a complete ACL injury to the right knee. On physical examination, translation was 8 mm according to Lachman testing, with no endpoint and an obvious pivot shift. Radiographs revealed no abnormalities, and magnetic resonance imaging (MRI) demonstrated a complete ACL tear with no associated injuries to the menisci, posterior cruciate ligament, medial collateral ligament, lateral collateral ligament, or articular cartilage.
The patient underwent a right knee ACL reconstruction with a four-strand hamstring tendon autograft. Diagnostic arthroscopy at that time revealed no other abnormalities. The graft was fi xed on the femur using two bioabsorbable transfi xing pins (RIGIDFIX). The pins were impacted easily, with no specifi c diffi culties noted during insertion. The graft was cycled manually through approximately 20 cycles to remove creep. No slippage occurred and excellent fi xation was achieved. The graft was fi xed distally using an interference screw and sheath (INTRAFIX; DePuy Mitek Inc). The patient began a standard ACL rehabilitation. She regained motion from 0Њ-140Њ by 6 weeks and had a stable Lachman on follow-up examination. By 3 months, symptoms of instability ceased and the patient began participating in nonpivoting sports. At 8 months, the patient returned to playing tennis without complication. She reported episodes of feeling as if her knee "gave way" and subjectively reported a "stiffer" knee.
One year later, the patient presented with knee clicking, catching, and locking. The patient also reported a subjective feeling of a loose body moving around her knee. She did not recall any specifi c trauma or incident that contributed to this. Physical examination revealed a fi rm endpoint on manual ACL testing and a negative no pivot shift. Radiographs were unrevealing (Figure 1 ). Magnetic resonance imaging ( Figure 2) showed a low signal loose body and a mild increased signal in the midsubstance of the ACL graft. The tibial tunnel measured 1.3 mm in maximal diameter proximally and the femoral tunnel measured 9 mm at the joint.
The patient underwent operative arthroscopy (Figure 3) . A 15-mm loose body was found in the anterior compartment of the knee. Its tapered end resembled the medial tip of the bioabsorbable femoral fi xation pin. Little evidence suggested pin degradation. Grade I-II fi brillation of the distal lateral femoral condylar cartilage was present, with no obvious chondral injury from the pin. No obvious donor site for the pin was noted. The knee was closed in sterile fashion, and the patient began a rehabilitation program. Twelve months later, the patient remained pain free and returned to activity without limitations.
DISCUSSION

Bottoni et al
2 described a bioabsorbable tibial interference screw presenting as an intra-articular loose body 7 months post-ACL hamstring reconstruction with a femoral cross pin. The tibial graft remained intact and well incorporated, but the interference screw had lost its contact with the host bone. The present case also describes a fi xation device failure in which a femoral cross pin fractured without fi xation loss of the hamstring graft.
Two factors are likely to be involved in the failure of the device: mechanical failure and material degradation. Three in vitro studies of femoral fi xation devices demonstrated that the RIGIDFIX had mean yield loads of 445-768 N with cyclical loading in various models 1, 7, 11 ; however, Ahmad et al 1 found that grafts secured with RIGIDFIX cross pins slipped an average of 6 mm after cyclical loading. In addition, maximal loads to failure under single cycle loading ranged from means of 639-868 N for the RIGIDFIX. In all three studies, the primary mode of failure occurred by breakage of the cross pins. 1, 7, 11 It is conceivable that the pin broke from a force exceeding its ultimate strength.
These studies all used new fi xation devices in vitro, without material degradation. The RIGIDFIX device uses two polylactic acid cross pins. Unlike other devices, there are two pins each with a smaller pin diameter. The resorption process of polylactic acid is poorly characterized and fairly unpredictable but is likely to be affected by surface area. Martinek et al 8, 9 reported a case where a bioabsorbable interference screw was associated with pretibial cyst formation and another case where a polylactic acid interference screw persisted for Ͼ2 years. In the latter case, the level of screw degradation rendered en bloc removal impossible. It is possible that the polylactic acid cross pin may have partially degraded and subsequently fractured.
In the present case, it is unclear how the pin migrated to the joint cavity. The timing of the cross pin breakage raises several possible mechanisms of migration. Most likely, the pin was inserted in an oblique orientation across the femur and initially placed intra-articularly in the posteromedial compartment. Retrospective review of the MRI suggests that the implants were posteriorly located in the medial femoral condyle (Figure 4 ). With either time and degradation or a single traumatic event, the prominent medial and protruding end of the distal transfi xing pin may have fractured and became a loose body. These femoral transfi xing devices are designed for placement in an oblique orientation from the lateral femoral condyle to the medial femoral condyle. The pin will perforate if its course is too oblique. This may have been a technical error in orienting the outrigger drill guide, although the pin location was checked directly after drilling by looking into the femoral tunnel to ensure that the pins were entering the tunnel.
Another potential contributing factor may be a size mismatch between the pin length and the knee. This patient had a small knee, which may have been prone to perforation of the posteromedial femoral condyle as only one pin size was available. The dual pin fi xation may be another contributing factor for two reasons: smaller diameter pins and a pin that is placed relatively distal. With single pin fi xation devices, the pin diameter is larger; therefore, degradation may take longer and thus might occur and not be seen. With a dual pin fi xation design, one of the pins must be placed more distally-closer to the joint surface and more likely to perforate.
Considering this complication, characterization of a region that would be at risk for notch perforation on the distal femur was attempted. Axial section MRIs of the distal femur from 10 different patients were examined. Centricity software (General Electric, New York, NY) was used to determine an angle at risk for notch perforation and a means of estimating maximal pin length-all relative to the epicondylar axis. On the axial image, distance was measured from the lateral epicondyle to the medial epicondylar sulcus. The shortest distance was then measured from the lateral epicondyle to the lateral wall of the notch. In addition, the angle formed by the epicondylar axis and a line intersecting the lateral epicondyle and the posteromedial corner of the lateral condyle was measured ( Figure 5 ).
Although the distance from the lateral epicondyle to the medial epicondyle varied among patients (meanϭ76.6 mm; standard deviation (SD)ϭ12.0 mm; range: 60-99 mm), the ratio of the minimum notch distance to the interepicondylar distance remained relatively constant (meanϭ0.40 mm; SDϭ0.03 mm; range: 0.36-0.42 mm). In addition, a consistent angle was noted posterior to the epicondylar axis at risk for perforation of the notch (meanϭ35.3Њ; SDϭ2.3Њ; range: 32Њ-39Њ).
In retrospect, these criteria indicate the index patient's high risk for notch perforation. The cross pins were placed 18Њ posterior to the lateral epicondyle, clearly in the zone of notch perforation. In addition, the patient's knee was relatively small-only 72 mm in length. Using our criteria for minimum length (0.4 ϫ the interepicondylar distance), the estimated maximal pin length was 28.8 mm. The actual distance when measured by MRI was 27 mm. A cross pin 3 cm in length could potentially perforate the notch.
It is unclear whether technical errors in insertion, design features of this device, initial mechanical incompetence of the cross pin, material degradation of the polylactic acid, or a combination of these factors contributed to this unusual clinical presentation. In this case, the ongoing processes of mechanical and material degradation did not manifest as a loss of graft fi xation or clinical failure.
This case report could represent either an anecdotal incident or an intermediate term complication regarding cross pin ACL fi xation with bioabsorbable materials. From our preliminary clinical studies, cross pinning should be avoided at angles aimed posterior to the epicondylar axis. In addition, the minimum distance to the notch can be estimated by the simple calculation: 0.4 ϫ the interepicondylar distance. This minimum distance could determine the maximum cross pin length. These useful guidelines may prevent further complications with cross pin devices.
